Anaemia in pregnancy is a global public health challenge and contributes to increased generation of free radicals and decreased antioxidant status of pregnant women. This study evaluates the level of total antioxidant status (TAS) in uncomplicated pregnancy and its relationship with the levels of anemia severity in pregnant women.. Full blood count and total antioxidant status (TAS) were determined in 1200 pregnant women recruited from three health institutions in Shagamu, Ijebu Ode and Abeokuta in Ogun State, Nigeria. Total antioxidant status was analyzed using reagent supplied by Randox Laboratories, Crumlin, England while full blood count was assayed using Coulter counter cell dye auto-analyzed by Abott diagnostics (Wiesbaden, Germany). The demographic and clinical history was obtained using structured questionnaire. The levels of the measured variables were compared between anaemic and non-anaemic pregnant women while TAS was correlated with the severity of anaemia. Total antioxidant status was significantly lower (p<0.001) in anaemic than non-anaemic pregnant women. Among the anaemic pregnant women with normal levels of TAS, 92(46.9%) had mild anaemia, 100(51.0%) had moderate while 4(2.0 %) had severe anaemia. Out of those with abnormal TAS, 228(69.9%) had mild, 94(28.8%) had moderate, and 4(1.6%) had severe. A total of 196 anaemic pregnant women had normal TAS while abnormal low levels were observed among 326 anaemic pregnant women. The levels of TAS correlated significantly with anaemia severity from mild anaemia (r=0.128;p=0.05) to moderate anaemia (r=0.237;p=0.02) while insignificant correlation was observed among subjects with severe anaemia (r=0.321;p=0.6). . Pregnancy care should be organized in order to prevent anaemia and reduce free radical generation and maintain adequate antioxidant status of women to avoid complications. Keywords: Anaemia, pregnancy, total antioxidant status. 
Introduction
Anaemia in pregnancy is a global public health problem which is associated with maternal morbidity and mortality [1] . Although pregnancy is a natural phenomenon, it is often associated with increased susceptibility to oxidative stress especially in developing countries where nutritional deficiency is common. During pregnancy, a number of physiological and metabolic changes occur to sustain and nurture the growth and development of the foetus [2] . It is a period that is associated with increased nutritional and oxygen demand leading to the generation of increased levels of free radicals and elevated levels of antioxidant defense system is also required to scavenge the free radicals [3] . Oxidative stress occurs when there is an imbalance between pro-oxidants (free radicals) generation and the antioxidants system resulting in the damage to lipids and biomolecules [4] . The placental is rich in mitochondria and poly unsaturated fatty acids (PUFFAs); therefore, it favors the development of oxidative stress because numerous metabolic and respiratory processes take place to provide nutrients and oxygen for the developing foetus. Previous studies have shown increased oxidative stress in uncomplicated pregnancy compared with levels in non-pregnant women [5] [6] [7] , and anaemia in pregnancy [8] . The latter evaluated some oxidative stress markers in 50 anaemic pregnant women and 25 non-pregnant women. The limitations of most of these studies were small sample size, and those were conducted at single and urban centres. There is however paucity of information on the association of total antioxidant status (TAS) with severity of anemia among pregnant women in Nigeria.
Anaemia is the most of the most common disorders in pregnancy, and it leads to about 56% maternal deaths in developing countries [9] and up to 50% of the cases due to iron deficiency [1, 10] . Report from northern Nigeria suggested that about 60% of pregnant women were anemic [11] . Anaemia is considered as a major risk factor for an unfavourable pregnancy outcomes; such as premature labour, low birth weight and perinatal mortality [12, 13] . Anaemia induced hypertension, placenta praevia, haemorrhage and cardiac failure [14, 15] . According to the World Health Organization, the minimum non-acceptable haemoglobin (Hb) during pregnancy is 11g/dL [16] . Levels of severity of anaemia in developing countries were grouped as mild (10-10.9g/dL), moderate (7-9.9g/dL) and severe (<7.0g/dL). Anaemia in pregnancy may promote oxidative stress because of inadequate oxygen supply to the tissues which in turn could exacerbate the pathogenesis of iron deficiency anaemia. This study seeks to evaluate the level of total antioxidant status (TAS) and correlates with severity of anaemia in pregnant women.
Subjects and Methods

Study Area and study design
This is a multicenter cohort study of pregnant women recruited from Sagamu, Abeokuta and Ijebu-Ode in Ogun State, South-West, Nigeria. Pregnant women attending the antenatal clinics of the Olabisi Onabanjo Teaching Hospital (OOTH), General Hospital Ijebu-ode (GHI) and General Hospital Abeokuta (GHA) were randomly recruited in the study. A structured questionnaire was administered to obtain demographic and clinical information of the participants. A total of 1200 pregnant women (400 from each of the health institutions) were randomly enrolled into the study, but 78 of the participants were later excluded due to the medical disorders which may affect their haemoglobin levels. The medical disorders included asthma, fibroid, gestational diabetes, hypertension, leg ulcer, peptic ulcer, sickle cell anaemia, typhoid fever, and bleeding. All pregnant women attending the antenatal clinics for the first time irrespective of the gestational age were enrolled into the study. Whole blood specimen was used for complete blood count determination while serum was used for the assay of total antioxidant status. On the average, biochemical analyses were carried out every 3 weeks to allow for collection of a sample size good enough to run a pack of kit. The subjects were grouped into mild, moderate and severe anaemia based on their haemoglobin level. A balanced number of subjects from the strata Hb 7-8.9 g/dL, Hb 9.0-10.9 g/dL, Hb 11.0-14.9 g/dL, and all with Hb15.0 g/dL and above were included [17] .
Inclusion and exclusion criteria
Pregnant women with Systemic diseases or malignancies or those who do not give consent were excluded. All pregnant women on vitamin C were also excluded from the study. The pregnant women included in the study were those diagnosed clinically and biochemically who gave informed consent, without other medical disorders or pregnancy related complications.
Sample preparation
Five milliliters (5mls) of venous blood sample was aseptically collected with 2mL dispensed into Ethylene diamine tetra acetic acid (EDTA) anti-coagulated sample bottle and 3ml emptied into plain bottle. The concentration of potassium EDTA was 1.5-2.0mg/mL of blood. The tubes were inverted several times (8-10) to ensure thorough mixing and proper anticoagulation. The anti-coagulated blood was used to analyze the full blood count while the blood in the plain bottle was left to clot for at least 30 minutes. The clotted specimen was centrifuged at 3000rpm for 10minutes and the serum was separated into another plain specimen container. The serum was stored at -20 o C until analyzed. The complete blood count was analyzed using Coulter counter cell dye auto-analyzed by Abott diagnostics (Wiesbaden, Germany) while TAS was assayed using reagents supplied by Randox Laboratories, Crumlin, England.
Ethical consideration
The study protocol was reviewed and approved by the ethics committees of Olabisi Onabanjo Teaching Hospital (NHREC/08/10/2012; dated 22 rd April, 2015). The participants gave informed consent before they were enrolled in the study. Hb=haemoglobin; PCV= packed cell volume; TWBC-total white blood cell; TAS= total antioxidant status.
Analytical method
Randox TAS kit was used for the quantitative in-vitro determination of total antioxidant status in serum (Randox Laboratories, Crumlin, England). The results are expressed as mmol Eq Trolox/L of plasma. Principle of assay is ABTS (2, 2'-Azino-di-[3-ethylbenzthiazoline sulphonate]) is incubated with a peroxidase (met myoglobin) and H2O2 to produce the radical cation ABTS. This has a relatively stable blue-green color, which is measured at 600nm. Antioxidants in the added sample cause suppression of this color production to a degree which is proportional to their concentration. The results are expressed as mmol Eq Trolox/L of plasma.
Statistical Analysis
The statistical analysis was conducted using SPSS 20 version and Unpaired Students t-test was used to compare the mean levels of measured haematological parameters and TAS between anaemic and non-anaemic pregnant women. Pearson correlation coefficient and Chi square were used to correlate the levels of TAS with severity of anaemia. Values of p<0.05 was considered as statistically significant. Data were expressed as mean ± standard error of mean. Table 1 shows the comparison of measured variables between anaemic and non-anaemic pregnant women from the three study centers. The mean levels of Hb and PCV were significantly lower (p<0.001) in anaemic than non-anaemic pregnant women while total white blood cell, neutrophil and lymphocyte counts were significantly higher in anaemic than non-anaemic pregnant women. Total antioxidant status (p<0.001) and platelet count (p=0.05) were significantly lower in anaemic pregnant women than non-anaemic pregnant women. Table 2 shows the medical conditions of the pregnant women. There was significant association between medical disorders and communities (p<0.001). Majority of the pregnant women (93.5%) had no adverse medical disorders while 6.5% had various medical disorders ranging from fibroid (0.8%), gestational diabetes 0.2%, hypertension 0.5%, hepatitis 0.2% peptic ulcer 0.5% and HIV infection 2.5%. The pregnant women with medical disorders were more in Shagamu (9.2%) than Abeokuta (5.5%) and Ijebu-Ode (4.7%). TAS=total anti-oxidant status; Reference Range (1.2-1.77mmol/L). Abnormal refers to the pregnant women with TAS levels below the lower limit of the reference range. Table 4 shows the correlation between severity of anaemia and TAS in anaemia pregnant women. The levels of TAS decrease with increasing severity of anaemia (decreasing concentrations of haemoglobin). The levels of TAS correlated significantly with anaemia severity from mild anaemia (r=0.128;p=0.05) to moderate anaemia (r=0.237;p=0.02) while insignificant correlation was observed among subjects with severe anaemia (r=0.321;p=0.6). 
Results
Discussion
Anaemia in pregnancy is the commonest medical disorder that affects pregnant women especially in developing countries in the world. It confers a number of deleterious effects on both mothers and foetus including maternal morbidity and mortality, abnormal foetal development, low birth weight, premature labour and pre-term delivery [18] . About 50% of all anaemic cases in pregnant women have been attributed to iron deficiency, because iron requirements are not readily met by dietary intake alone especially if iron bioavailability is poor in the pregnant women [19] . In addition, decreased red blood cell survival which is secondary to an increased susceptibility to oxidant damage has been observed in anaemia [20] . In this study we observed a proportion of 46.5% (522/1122) pregnant women to be anaemic. The TAS levels were significantly lower in anaemic than non-anaemic pregnant women which was also correlated with severity of anaemia in the participants.
The mean TAS level among anaemic pregnant women was lower (p<0.001) than in non-anaemic pregnant women. This suggested that in the non-anaemic pregnant women, the generations of free radicals may be lower than the anaemic group. Free radicals are generated in the body at physiological levels, but when their production rates overwhelm the synergistic actions of available antioxidants, several deleterious or harmful conditions may ensue [21, 22] . However, the mean TAS levels observed in this study was higher than previously reported in Benin and Iran [7, 21] . The differences in the concentrations of TAS in this study and the previous may be attributed to small sample of previous studies. In addition, Idogun et al. [7] in their study enrolled women in third trimesters only while Asemi et al. [21] enrolled primigravid subjects only. Anaemia was reported to worsen the levels of TAS, thus increasing the oxidative stress of pregnant women. This observation is consistent with previous studies elsewhere [8, 23, 24] .Hassan et al. [8] reported a positive association between anaemia in pregnancy and total antioxidant capacity by measuring malondialdehyde, total peroxide and oxidative stress index. Increased requirement of oxygen, reduced activity of antioxidant enzymes requiring iron for their activity may result in increased free radical generation and damage to biomolecules [25] . The observed significantly lower TAS levels in anaemic pregnant women may be attributed to the increased production of free radicals and/or decreased antioxidant levels which are associated with severity of anaemia in pregnancy. Increased levels of free radicals especially hydrogen peroxide, apart from depleting the levels of other antioxidants, inhibits the activity of superoxide dismutase [26] , an important antioxidant enzyme responsible for the dismutation of superoxide radicals. In the same vein, superoxide dismutase and catalase carry out their antioxidant function by detoxifying the peroxides (-OOH) and superoxide radicals. Catalase has been reported to provide vital pathway for the degradation of hydrogen peroxide in to water and molecular oxygen. Even though we did not analyze the individual antioxidant parameters in this study, the assay of TAS is a better indicator of antioxidant status since the determination of individual antioxidant levels may not provide the true antioxidants status of the organism [27] . Anaemia is an important contributing factor to lowering TAS levels in pregnancy.
The placenta is also a major generator of free radicals because it is rich in PUFFAs which could make the pregnant women susceptible to increased oxidative stress [28] . Placenta oxidative stress has been associated with the pathogenesis of pre-eclampsia [29] and fetal growth retardation [5] . The need for the evaluation of oxidative stress in pregnant women to better understand the relationship between oxidative stress and pregnancy outcome cannot be overemphasized. Other authors highlighted the need for pre-pregnancy and early pregnancy assessment of antioxidant status in women. They also suggested that the outcome of an uncomplicated pregnancy may be dependent on the amount of free radicals produced during parturition on the antioxidant status of the pregnant women. Early assessment of antioxidant status of pregnant women was therefore advocated [30] . Increased oxidative stress predisposes pregnant women to various pregnancy associated disorders such as malaria parasitaemia, infections and infestations [30] . Oxidative stress can also down-regulates T-mediated or adaptive immune response even though low immunity is needed to tolerate genetically different foetal tissues [6] , which increased the susceptibility of pregnant women to infection.
The study indicated significantly lower TAS levels in anaemia pregnant women than non-anaemic counterparts which correlated with severity of anaemia. Pregnancy care should be organized in order to prevent anaemia, reduce free radical generation and maintain adequate antioxidant status of the pregnant women.
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